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Introduction
============

Olfactory dysfunction is linked to a number of neurodegenerative disorders including Parkinson's disease (PD), Alzheimer's disease, and Huntington's disease^1^. In PD, olfactory impairments include deficits in odor identification, detection, and discrimination and are found in up to 70--95% of patients^2-5^. These deficits can precede the cardinal motor symptoms of PD by up to 4 years, indicating that olfactory dysfunction may signal the early stages of PD^6-10^. The early occurrence of olfactory deficits in PD has led to a keen interest in olfactory dysfunction and the underlying mechanisms involved. In preclinical studies in rodents, olfactory dysfunction could be a sensitive outcome measure to predict the therapeutic potential of novel therapeutic strategies.

Many tests have been designed and extensively used to characterize sensorimotor impairments in rodent models of PD and to test the therapeutic potential of novel treatments^11-15^. Even though olfactory deficits are well documented in PD, olfactory function has not been routinely measured in many models. This view is changing though with the discovery of genetic forms of PD and the more accepted notion that PD is a systemic disorder affecting more than just sensorimotor function. Currently, there are numerous studies in genetic mouse models of PD and other neurodegenerative disorders that now include analysis of olfaction in the characterization^16-24^. Given the growing interest of olfactory dysfunction in neurodegenerative disorders, we sought to assemble a battery of olfactory tests that can be used to characterize novel models of neurodegeneration as well as test potential disease-modifying therapies in preclinical studies. The tests described in the present study have been used in both characterization and preclinical studies^18,25^.

The tests highlighted in this study have been shown to be sensitive in detecting olfactory dysfunction in a frequently utilized alpha-synuclein overexpressing mouse model of Parkinson's disease^18^. They include the buried pellet test^26,27^, an adapted version of the block test^23,24,28,29^, and the habituation/dishabituation test^30^. It is important to note that there are several adaptations of the tests described in this study that are sensitive measures of olfactory function in mice, the ones highlighted in this study are the tests our laboratory has the most experience with and routinely use.

Protocol
========

All steps of the protocol follow the animal care and use guidelines and regulations set by the IACUC of the University of Cincinnati.

1. General Considerations
-------------------------

1.  If possible, test mice during their active phase in the dark cycle. Typically, perform testing under low light and at least 1 hr into the dark cycle. However, if testing in the dark cycle is not feasible, perform all three tests during the light cycle. Keep in mind that sniffing times may decrease when mice are tested during their sleep cycle. NOTE: While the tests can be performed during the sleep cycle the mice may show less interest in the buried pellet, blocks, or scented cartridge.

2.  In order to reduce any effect of outside olfactory cues, wear a base pair of gloves at all times throughout each test and then place a clean pair of gloves over the base pair for each mouse and each trial. As a general rule, when in doubt, put on a clean set of gloves. Have a box of gloves readily available since they will be changed frequently. NOTE: We use nitrile gloves for all animal handling.

3.  Cleaning test materials and cages between subjects with a disinfectant/sterilizing agent is also an important step in this battery of tests in order to reduce the potential for spreading disease as well as remove undesired olfactory cues.

2. Buried Pellet Test
---------------------

1.  At least two days before testing, record the weight of each mouse and then food restrict to 90% of body weight. Prior to testing and during food restriction, give each mouse 1-2 pieces of the pellets to be used during the test (*e.g.,* a piece of sweetened cereal). Do not skip this step because mice are neophobic with food and may not search for the pellet during the test if they have not eaten the pellets previously.

2.  On all test days, habituate the mice for 1 hr prior to testing by placing their cage in the testing room with no water bottle or feeder bin. House them in their home cage with just a filter top lid.

3.  During habituation, fill a clean mouse cage \~3 cm high with clean bedding making certain the bedding is evenly distributed throughout the cage. Set a timer for 5 min.

4.  Following 1 hr of habituation, bury 1 sweetened cereal pellet 0.5 cm below the bedding so that it is not visible.

5.  Remove the test mouse from its home cage, place it in the center of the test cage, place the filter top lid on the cage and start the timer.

6.  Stop the timer when the mouse uncovers the pellet and begins eating it. Note the time to uncover the buried pellet.

7.  If the mouse does not find the pellet within 5 min, end the trial and note a score of 300 sec for that mouse. Move the pellet to the top of the bedding so the mouse has access to it, and allow the mouse to eat the pellet.

8.  Following the trial, return the mouse to its home cage.

9.  Empty the bedding from the test cage and clean the cage with animal room cleaning solution.

10. Repeat steps 2.4 to 2.9 for each mouse, and change gloves before and after each mouse.

11. After all mice are tested, give them just enough food to maintain them at 90% body weight.

12. Perform testing on days 2-5 the same way as test day 1 with one exception; bury the pellet in a different spot in the cage for each trial.

13. On testing day 6, perform the surface pellet trial.

14. For the surface pellet trial, follow the same procedure for test day 1 but instead of burying the pellet under the bedding place it on top of the bedding. Record the time for the mouse to find and start eating the pellet.

3. Block Test
-------------

1.  Individually house mice in clean cages and place 5 blocks in the cage (labeled A-E), changing gloves before setting up each cage.

2.  Perform the test 24 hr later. Move test mice to the testing area, remove the water bottle and feeder bin, and place all 5 blocks from the cage along with a handful of bedding into a plastic bag labeled with the animal's identification. Place the sealed plastic bag on top of the mouse's home cage.

3.  Habituate the animals in their home cage without the water bottle, feeder bin, and blocks for 1 hr prior to testing.

4.  Change gloves between each cage so that the scents are not exchanged between animals/blocks.

5.  Line up the mouse cages beside each other on a table with at least 10 cm between each cage. Position a video camera so that the front of the cage (not the long side of the cage) is in clear view.

6.  Set the timer for 30 sec and label a card with the important experiment details (date, mouse ID, trial, *etc.*). Videotape the label for 2-3 sec.

7.  Remove blocks A-D from the plastic bag with that mouse's identification and place them in the middle of the cage so that they are clearly visible on the video camera. Make sure there is \~1 cm of space between each of the blocks. Place the filter top back on the cage. Start the timer and videotape for 30 sec.

8.  After 30 sec, stop recording and remove the blocks from the cage and place them back into the plastic bag.

9.  Change gloves and then move on to the next mouse, repeating the same procedure used for the first trial. Do this for a total of 6 trials for each mouse making sure there is an inter-trial interval of \~5 min.

10. On the 7^th^ trial, follow the same procedure for the trials 1-6 except instead of placing block D from the mouse's own cage add block E from another mouse's cage so that the mouse is exposed to blocks A, B, and C from its own home cage and block E from another mouse's cage. Note in the lab book whose block E each mouse is exposed to and alternate where block E is placed in each mouse's cage (*e.g.,* ABCE or AEBC). Take block E from a mouse of the same sex but not from an original cagemate. Videotape for 30 sec.

11. Following the 7 trials, return animals to a new clean cage with their original cagemates. Clean blocks used in the test with mild detergent and water and allow to air dry for use in later tests.

4. Habituation/Dishabituation
-----------------------------

1.  Perform the habituation/dishabituation test in a similar manner to the block test but instead of using blocks that have the odor of a mouse, use tissue cartridges holding cotton scented with different pairs of extracts.

2.  Follow steps 3.1-3.4 using a single, unscented tissue cartridge instead of the blocks.

3.  Habituate mice in the test room.

4.  Prepare the scented tissue cartridges in a separate room. Place a small cotton ball into a clean cartridge and then add 5 μl of extract (*e.g.,* almond extract) into the cotton. Snap the cartridge top over the cotton and place in a dedicated box or bag labeled with that scent.

5.  Do the same procedure for a second scent (*e.g.,* anise extract). Change gloves between handling different scents. Make sure the cotton ball is completely encased in the tissue cartridge. NOTE: Exposed fibers from the cotton ball may cause the animal to have interest in the cotton ball for nesting purposes rather than the scent itself.

6.  Then, follow steps 3.6-3.10 using one scented tissue cartridge for the first six trials, and the second scented tissue cartridge for the seventh trial.

5. Analysis of Videotapes
-------------------------

1.  For the block and habituation/dishabituation tests, have a rater blind to experimental condition measure the time spent sniffing each block, with sniffing defined as nasal contact with that block. If desired, measure other behaviors such as time to approach the novel block (E) during Trial 7 and total activity (the number of movements made along the length and width of the home cage) during each trial. Score the time spent sniffing and time to approach from the videotape using a stopwatch.

2.  Similarly, for the habituation/dishabituation test, have a rater blind to experimental condition measure the time spent sniffing the cartridge, time to approach the cartridge, and locomotor activity.

6. Statistics
-------------

1.  Analyze the buried pellet test using nonparametric statistics because the latency to find the pellet scores tend to show heterogeneity of variance. Average the latency to locate the pellet across days 3--5 and then compare between groups of mice using a Mann--Whitney U-test. Similarly, for the surface pellet part of the test, analyze latency to find the pellet using a Mann--Whitney U-test to compare genotypes.

2.  For the block test, analyze the data from Trial 7 (introduction of the novel-scented block). Typically, employ nonparametric analyses to account for heterogeneity of variance. In order to analyze differences in time spent sniffing the novel block as well as time to approach the blocks for different experimental groups, use the Mann--Whitney U-test. Use the Wilcoxon Signed Rank test to compare time spent sniffing the novel block to time spent sniffing the familiar blocks.

3.  For the habituation/dishabituation test, conduct parametric analyses on Trials 1, 6 and 7, similar to previous studies^20^. If mice exhibit little to no sniffing, use nonparametric analyses.

Representative Results
======================

The buried pellet, block, and habituation/dishabituation tests are all highly advantageous evaluations of olfaction in mice. Using these tests, we have found significant changes in olfaction in multiple genetic mouse models of Parkinson's disease, including alpha-synuclein overexpressing (Thy1-aSyn)^18^ and Atp13a2 knockout mice. Both Thy1-aSyn and Atp13a2 knockout mice take longer to find the buried pellet than controls^18^. **Figures 1-3** show data collected from wildtype and Atp13a2 knockout mice. In the buried pellet test, Atp13a2 knockout mice show increased latency to find the buried pellet compared to wildtype control mice (**Figure 1**). In the block test both wildtype and Atp13a2 knockout mice sniff the novel block from another mouse's cage compared to blocks from their own home cage (**Figure 2**). In the habituation/dishabituation test wildtype mice show habituation to one odor and then increased sniffing when a novel odor is introduced (**Figure 3**).

**Figure 1. Buried pellet test.** Latency to find the pellet in wildtype (n = 10) and Atp13a2 KO (n = 14) at 20-27 m of age. \* p \< 0.05, Mann-Whitney U.

**Figure 2. Block test.** Time sniffing the novel block (E) in the block test in wildtype (n = 10) and Atp13a2 KO (n = 12) female mice at 20 - 27m of age. ΔΔ represents p \< 0.01 compared to blocks A, B, and C from the same genotype. Mann-Whitney U.

**Figure 3. Habituation/dishabituation test.** Mean time sniffing a scented cartridge in wildtype mice (age 9 m, n = 7) across 6 trials and the introduction of a cartridge with a novel scent on trial 7.

Discussion
==========

Each of the tests described in this study measure different aspects of olfactory function in mice. The buried pellet test measures the food motivation aspect of olfaction, testing the ability of hungry (food restricted, not food deprived) mice to detect a palatable piece of sweetened cereal buried under bedding. The block test measures more of the social aspect of olfactory function, testing the ability of mice to discriminate between their own scent and that of a conspecific. The habituation/dishabituation test assesses the ability of the mouse to discriminate between familiar and novel, innocuous scents. Using multiple tests is important when characterizing a new model because anomalies in food motivation or fear could contribute to differences observed in mutant mice compared to controls. For example, if only the block test is performed and decreased sniffing of the block that has the odor of another mouse is observed, it is unclear whether there is an olfactory deficit or an enhanced fear response to the conspecific that may lead to avoidance of that block. When multiple tests are performed and deficits are observed in all tests, it strongly supports an interpretation of olfactory impairment. However, if differences are observed in only one test but not the others then there may be a more subtle olfactory impairment but it will be essential to rule out other explanations (*i.e.,* enhanced fear or reduced food motivation). Additional important factors to keep in mind when testing olfactory function mice include the background strain and sex of the mice. Different genetic background strains (*i.e.,* C57BL/6, DBA, *etc.*) can have profound effects on mouse behavior therefore, it is recommended to adapt each protocol in wildtype mice of the same background before performing the entire experiment. It is also recommended that male and female mice be tested separately from each other because the male olfactory system is highly sensitive to females in estrous and olfactory detection of a female in estrous could interfere with performance in all three tests.

Some steps are absolutely critical to follow when testing olfaction in mice. It is important to be cognizant of the odors the experimenter is introducing to the animals. Wearing gloves for the procedures is essential and frequent changing of gloves between animals is required. It is always a good practice for the experimenter not to wear cologne or perfume on olfaction testing days. While some parts of the procedure are inflexible, there are other parts that can be modified and adapted without reducing the validity or sensitivity of the test. For example, the number of habituation trials can be increased or decreased depending on the strain of mice being tested and how quickly they habituate to the stimuli. The major limitation of these tests is that they are all driven by some form of motivation, be it food or social, making it difficult to completely rule out anomalies in motivation as an explanation when an altered response observed. This can be minimized by analyzing additional parameters, such as activity during testing and time to approach stimuli.

Once mastered, the tests can be easily used in examining the phenotype of novel mouse models of neurodegenerative disease. In addition, the tests that have the highest power can be included in preclinical studies testing potential therapeutics (for an example see ref. 25).
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